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Abstract
Deviations from the standard ΛCDM model motivate an interpretation of early universe cosmology
using the Scalar-Tensor-Vector-Gravity (STVG) theory. A constraint analysis carried out by Valentino,
Melchiorri and Silk, revealed deviations from the growth of structure predicted by General Relativity,
and a lensing anomaly in the angular CMB power spectrum data. The modified gravity (MOG) theory
resolves the lensing deviation from the standard model and provides an explanation of the CMB and
structure growth data.
1 Introduction
Dark matter was introduced to explain the stable dynamics of galaxies and galaxy clusters and it plays a
significant role in the standard ΛCDM cosmological model. However, dark matter has not been observed
in laboratory experiments [1, 2, 3], nor has it been conclusively identified in astrophysical measurements.
Therefore, it is important to consider a modified gravitational theory. The observed acceleration of the
universe has also complicated the situation by needing a dark energy, either in the form of the cosmological
constant vacuum energy or as a modification of GR.
The fully relativistic and covariant modified gravitational (MOG) theory Scalar-Tensor-Vector-Gravity
(STVG) [4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22] has been successfully applied to
explain the rotation curves of galaxies and the dynamics of galaxy clusters without dark matter. In addition
to the attractive gravitational force proportional to the gravitational constant G, the theory also has a
repulsive gravitational force generated by a massive Proca vector field φµ. Before the onset of decoupling
at the surface of last scattering about 380,000 years after the big bang, the baryons couple to the photons
producing pressure that prevents the overdense instability needed for growth structure. The damping and
the dissipative pressure behavior of baryons coupled to photons prevent a GR model without non-baryonic
dark matter from fitting the angular acoustical power spectrum. In MOG the CMB Planck data [25] and
the growth of structure to form galaxies and galaxy clusters can be explained assuming that the spin 1
massive dark vector particle, described by the neutral vector field φµ, has a density ρφ that dominates the
matter density in the early universe before stars and galaxies are fully formed [4, 5, 6]. In the late-time
present universe the galaxies and galaxy clusters are dominated by baryons with ρb > ρφ where ρb denotes
the density of baryons. The dark vector particle (phion) with gravitational strength coupling to ordinary
matter evolves, as the universe expands, into an undetectable particle with negligble mass in the present
universe.
Measurements of Cosmic Microwave Background (CMB) anisotropies by the Planck satellite experi-
ment [23, 24, 25] have confirmed the expectations of the standard cosmological model based on cold dark
matter and the cosmological constant. However, recently Valentino, Melchiorri and Silk [26] have shown
that deviations from the standard model have emerged that can give hints of modified gravity. Deviations of
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the growth of density perturbations predicted by General Relativity (GR) have been reported using a phe-
nomenological parameterization of non-standard metric perturbations [25]. Several authors [27, 28, 29, 30, 31]
have analyzed the constraints of possible deviations of the evolution of perturbations in the ΛCDM model by
parameterizing the gravitational potentials Ψ and Φ, where Ψ and Φ denote the Newtonian and curvature
potentials, respectively. The constraint analysis performed by Valentino et al., has yielded a result based on
the Planck CMB temperature data, parameterized by the parameter Σ0− 1 that shows a deviation from the
standard model. This deviation from the null value expected in GR is about two standard deviations. By
including the weak lensing data, the deviation increases to the value: Σ0 − 1 = 0.34+0.17−0.14. Another anomaly
indicated by the Planck data is due to the amplitude of gravitational lensing in the angular spectra. The
lensing amplitude parameter Alens is larger than expected in the standard model at the level of 95% c.l. This
anomaly disappears when the modified gravity deviations are taken into account. The parameter Alens is the
only one that consistently hints at a tension with standard ΛCDM. Other possible tensions are hinted at for
the amplitude of the r.m.s. density fluctuations parameterized by σ8 and the reionization optical depth τ .
However, these tensions are much weaker, mainly due to degeneracies between these parameters and Alens
and the effective number of relativistic neutrinos, Neff .
In the following, we will extend the explanation for the growth of structure and the CMB data proposed
originally in STVG [4, 5]. When the density of the neutral, pressureless vector particle associated with the
field φµ dominates in the early universe, MOG can lead to a mechanism for the growth of perturbations,
solving the cosmological structure problem. The early time domination of the ρφ density determines the
acoustical power spectrum in agreement with the Planck 2015 data [25]. The theory also determines the
matter power spectrum in agreement with current large scale galaxy redshift surveys [13].
In MOG the mass of the phion particle is determined by a scalar field µ(x). The mass of the phion
particle in the early universe is mφ ≫ 10−28 eV , so the phion particle behaves like cold dark matter (CDM).
The mass mφ dynamically decreases as the universe expands becoming the ultra-light phion particle that is
undetectable today. This behavior of the phion particle mass can be explained by a superfluid Bose-Einstein
condensate that evolves from the early universe through a phase transition to the present universe in which
the Bose-Einstein condensate relaxes and the phion particle mass becomes mφ ∼ 10−28 eV [5] . In the late-
time present universe, the baryon density ρb dominates, ρb > ρφ, and the MOG theory can fit the galaxy
rotation curves and the galaxy cluster dynamics without detectable dark matter. The value of µ that fits
the galaxy rotation curves and the cluster dynamics is µ = 0.042 kpc−1 [15, 16], corresponding to a mass
mφ = 2.6× 10−28 eV.
2 MOG Field Equations
The Scalar-Tensor-Vector-Gravity (STVG) field equations are given by [4, 13]:
Gµν + Λgµν = −8piGTµν, (1)
∇µBµν + µ2φν − ∂V (φµ)
∂φν
= 4piJν , (2)
∇ν∇νG = 3
2
∇νG∇νG
G
− 1
2
G
∇νµ∇νµ
µ2
− 3
G
V (G) + V ′(G) −GV (µ)
µ2
− 1
4pi
(R+ 2Λ), (3)
∇ν∇νµ = ∇
νµ∇νµ
µ
+
∇νG∇νµ
G
− 1
4pi
Gµ3φµφµ − 2
µ
V (µ) + V ′(µ). (4)
Here, Gµν = Rµν − 12gµνR, ∇µ denotes the covariant derivative with respect to gµν and we choose units
with c = 1 and the metric signature (+1,−1,−1,−1). The field φµ describes a spin 1 neutral vector field,
Bµν = ∂µφν − ∂νφµ and µ is the mass of the vector field. The V (φµ), V (G) and V (µ) denote potentials for
the φµ, G and µ fields and Λ is the cosmological constant.
The total energy-momentum tensor is defined by
Tµν = T
M
µν + T
φ
µν + T
G
µν + T
µ
µν , (5)
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where TMµν is the energy-momentum tensor for the ordinary matter, and T
φ
µν , T
G
µν and T
µ
µν denote the energy-
momentum tensors for the φµ, G and µ fields. The current density J
µ is defined by
Jµ = κρuµ, (6)
where κ =
√
αGN , α is a parameter, ρ is the total density of matter, GN is Newton’s constant, u
µ = dxµ/ds
and s is the proper time along a particle trajectory.
The action for a test particle is
Stp = −
(
m
∫
ds+ q
∫
φµu
µds
)
, (7)
where m and q = κm =
√
αGNm are the test particle mass and gravitational charge, respectively, and
φµ = (φ0, φi) (i = 1, 2, 3). Assuming for simplicity that V (φµ) = 0, the weak field spherically symmetric
static, point particle solution for φ0(r) is obtained from the equation (φ
′
0 = dφ0/dr):
φ′′0 +
2
r
φ′0 − µ2φ0 = 0. (8)
The solution is given by
φ0(r) = −Qexp(−µr)
r
, (9)
where the gravitational charge Q = κM =
√
αGNM and M is the mass of the point particle.
The equation of motion of a test particle is given by
duµ
ds
+ Γµαβu
αuβ =
q
m
Bµνuν , (10)
where Γµαβ denote the Christoffel symbols. The equation of motion for a photon is
duµ
ds
+ Γµαβu
αuβ = 0. (11)
We assume that in the slow motion approximation dr/ds ∼ dr/dt and 2GM/r ≪ 1, then for the radial
acceleration of a test particle we get
d2r
dt2
+
GM
r2
=
qQ
m
exp(−µr)
r2
(1 + µr). (12)
For qQ/m = κ2M = αGNM and G = GN (1 + α), the modified Newtonian acceleration law for a point
particle is given by [4, 15]:
a(r) = −GNM
r2
[
1 + α− α exp(−r/r0)
(
1 +
r
r0
)]
, (13)
where r0 = 1/µ. The acceleration law can be extended to a distribution of matter:
a(x) = −GN
∫
d3x′
ρ(x′)(x − x′)
|x− x′|3 [1 + α− α exp(−µ|x− x
′|)(1 + µ|x− x′|)], (14)
where ρ(x) is the total density of matter. The MOG effective potential for a given density ρ(x) is
Ψeff(x) = −GN
∫
d3x′
ρ(x′)
|x− x′|
[
1 + α− α exp(−µ|x− x′|)
]
. (15)
3
3 Friedmann Equations and Perturbation Equations
We base our cosmology on the homogeneous and isotropic Friedmann-Lemaˆıtre-Robertson-Walker (FLRW)
background metric:
ds2 = dt2 − a2(t)
[
dr2
1−Kr2 + r
2(dθ2 + sin2 θdφ2)
]
, (16)
where K = −1, 0,+1 [length−2] for open, flat and closed universes, respectively. We assume a perfect fluid
energy-momentum tensor:
Tµν = (ρ+ p)uµuν − pgµν , (17)
where ρ and p are the density and pressure of matter, respectively. We have
ρ = ρM + ρφ + ρG + ρµ + ρr, (18)
where ρM , ρφ, ρG, ρµ and ρr denote the density of matter, the neutral vector field φµ (phion particle), the
scalar fields G and µ and the radiation density, respectively.
Due to the symmetries of the FLRW background spacetime, we have φ0 6= 0, φi = 0 (i = 1, 2, 3), Bµν = 0
and J0 6= 0, J i = 0. We also assume in the following that V (φµ) = V (G) = V (µ) = 0. The MOG Friedmann
equations are given by(
a˙
a
)2
+
K
a2
=
8piGρ
3
+
Λ
3
+
a˙
a
G˙
G
− 4pi
3
(
G˙2
G2
+
µ˙2
µ2
− 1
4pi
Gµ2φ20
)
, (19)
a¨
a
= −4piG
3
(ρ+ 3p) +
Λ
3
+
1
2
a˙
a
G˙
G
+
8pi
3
(
G˙2
G2
+
µ˙2
µ2
− 1
4pi
Gµ2φ20
)
+
1
2
G¨
G
− G˙
2
G2
, (20)
G¨+ 3
a˙
a
G˙− 3
2
G˙2
G
+
1
2
G
µ˙2
µ2
+
1
8pi
GΛ− 3
8pi
G
(
a¨
a
+
a˙2
a2
)
= 0, (21)
µ¨+ 3
a˙
a
µ˙− µ˙
2
µ
+
1
4pi
Gµ3φ20 = 0, (22)
where a˙ = ∂a/∂t. Moreover, we have the equation:
µ2φ0 = 4piJ0 = κρ. (23)
In the following, we assume in the early universe cosmology that G˙ ∼ 0 and µ˙ ∼ 0 and that the universe
is spatially flat, K = 0. We obtain the approximate Friedmann equations:
H2 =
8piGρ
3
+
Λ
3
+
1
3
Gµ2φ20, (24)
a¨
a
= −4piG
3
(ρ+ 3p) +
Λ
3
− 2
3
Gµ2φ20, (25)
where H = a˙/a.
To consider perturbations of the metric and the fields, we write the line element in the conformal New-
tonian gauge:
ds2 = a2(τ)[(1 + 2Ψ)dτ2 − (1− 2Φ)dxidxi], (26)
where τ is the conformal time, Ψ is the Newtonian potential and Φ is the potential for space curvature. We
have for the Poisson equation for the modified Newtonian potential [26]:
k2Ψk = −4piGNa2ζρδ, (27)
where ζ is a parameter and δ = δρ/ρ is the relative density perturbation contrast1. For the potential Φ+Ψ,
the modified Poisson equation is given by
k2(Ψ + Φ) = −8piGNa2Σρδ, (28)
1We use the parameter ζ notation instead of µ used in ref. [26] to avoid confusion with the scalar field µ notation
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where Σ is a parameter and we have η = Φ/Ψ and in GR ζ = Σ = η = 1.
In MOG the modified Poisson equations are given by
k2Ψk = −4piGa2ρδ, (29)
and
k2(Ψ + Φ) = −8piGa2ρδ, (30)
where G = GN (1 + α). In the constraint analysis performed by Valentino et al., [26], they find that ζ ∼ 1
which corresponds to G ∼ GN in (29) and α ∼ 0.
4 MOG Perturbations
We assume that ρφ dominates in the early universe and the φ field particle describes a neutral dark vector
particle with gravitational strength coupling Qφ =
√
αGNmφ to matter, where mφ is the mass of the phion
particle. At horizon entry until some time after decoupling, ρφ > ρb, ρφ > ρG, ρφ > ρµ. The first Friedmann
equation now becomes
H2 =
8piGρφ
3
+
Λ
3
+
1
3
Gµ2φ20. (31)
In the late-time present universe, baryon matter will dominate and ρφ < ρb and MOG gravity will
determine the dynamics of galaxies and clusters of galaxies without (detectable) dark matter. The best
fit to galaxy rotation curve data and cluster dynamics is obtained with α = 8.89 ± 0.34 and µ = 0.042 ±
0.004 [15, 16]. This value of µ corresponds to a phion vector particle mass mφ = 2.6 × 10−28 eV. The
smallness of the mass in the late-time present universe and the weakness of the gravitational coupling will
make the particle undetectable. On the other hand, the dynamics of the scalar field µ in the STVG field
equations will allow for a larger mass mφ in the early universe, so that the phion particle can act as dark
matter. Thus, µ(t) will evolve dynamically to a negligible size in the present universe.
The particle field densities are expressed as the ratios Ωx = 8piGρx/3H
2. In particular, we have for the
baryon, phion particle and the cosmological constant Λ:
Ωb =
8piGρb
3H2
, Ωφ =
8piGρφ
3H2
, ΩΛ =
Λ
3H2
. (32)
At the time of big-bang nucleosynthesis (BBN), we have α ∼ 0 andG ∼ GN , guaranteeing that the production
of elements at the time of BBN agrees with observations. After stars and galaxies are fully formed, ρφ < ρb
and the MOG non-relativistic acceleration law sets in to explain the rotation curves of galaxies and the
dynamics of clusters [4, 15, 16].
A scenario that can describe the evolution of the phion particle mass mφ as the universe expands is to
postulate that the phion vector bosons form a cold superfluid of Bose-Einstein condensates before recombi-
nation with zero pressure and zero shear viscosity [5]. A prediction of statistical mechanics is that a phase
transition occurs in an ideal gas of identical bosons when the de Broglie wave length exceeds the mean
spacing between bosons. The phion vector bosons in the lowest energy state are stimulated by the presence
of other phion bosons to occupy the same state, resulting in a macroscopic quantum-mechanical system. The
phion bosons before recombination can collapse into the lowest energy quantum state when the temperature
of the phion superfluid is below a critical temperature, T < Tc, and form a degenerate Bose-Einstein fluid
that does not couple to photons and is not dissipated by photon pressure. The Bose-Einstein condensate
superfluid energy-density dominates the energy density before recombination and the density parameter Ωφ,
the fractional baryon density Ωb and the cosmological constant energy-density ΩΛ can be chosen to fit the
Planck angular power spectrum data for the acoustical oscillations in the CMB spectrum [25]. The quantum
phion particle superfluid condensate can clump and form the primordial structure growth for the formation
of galaxies. In the late-time universe, the non-relativistic phion matter is dominated by baryon matter and
neutral hydrogen and helium. The phion condensate is only subjected to a weak gravitational strength force
with baryon matter, so that as the universe expands there is little or no decoherence of the phion condensate
gas. During the evolution of galaxies and stars ordinary baryonic matter begins to dominate inside cores of
galaxies and traces light. Cold dark matter halos do not exist in galaxies and clusters of galaxies. A spon-
taneous symmetry breaking leads to a phase transition and the phion Bose-Einstein condensate is relaxed
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inside galaxies and clusters of galaxies. The effective mass mφ of the phion boson is significantly reduced,
mφ ∼ 10−28 eV, corresponding to a Compton wave length λc = 1/µφ = h/mφc ∼ 3× 105 pc.
As the universe expands beyond the time of decoupling, the gravitational attraction between the baryons
becomes enhanced as the parameter α increases in size and G = G∞ = GN (1 + α). The density ρφ and
the increasing enhancement of the size of G deepen the baryon gravitational potential well. After horizon
entry and during the era approaching decoupling, the phion mass is mφ ≫ 10−28 eV corresponding to cold
dark matter. The phion mass could be as large as 10−6 < mφ < 1 eV. When the earliest stars and galaxies
form at about 400 million years after the big bang, µ undergoes a significant decrease and mφ evolves to
mφ ∼ 10−28 eV. The Compton wavelength, in natural units, λc ∼ 1/mφ, of the ultra-light phion particle is
of the size of galaxies.
Because for galaxies and clusters ρφ < ρb there is no significant halo of phion particles. Once the
combined ρb and ρφ density perturbations have grown sufficiently to produce stars and galaxies, then the
MOG non-relativistic dynamics for baryons takes over to determine the final evolution and dynamics of
galaxies. The matter power spectrum is determined by the transfer function Tb for baryons, which has
unit oscillations without dark matter. The oscillations will show up in the calculation of the matter power
spectrum. However, the finite size of galaxy survey samples and the associated window function used to
produce presently available power spectra mask any such oscillations. Applying a window function to the
MOG prediction for the matter power spectrum smooths out the power spectrum curve. The enhanced size
of G = GN (1 + α) with α non-zero predicts the right shape for the power spectrum curve, resulting in a
fit to the data [13]. The GR prediction without dark matter and with G = GN cannot produce the correct
magnitude or shape for the matter power spectrum. In future galaxy surveys which utilize a large enough
number of galaxies, with galaxies detected at sufficiently large redshift z, and with the use of a sufficiently
narrow enough window function, it should be possible to detect any significant oscillations in the matter
power spectrum.
5 Structure Growth and Lensing
The equation for the density perturbation for the single-component fluid is given by the Jeans equation:
δ¨ + 2Hδ˙ +
(
c2sk
2
a2
− 4piGρ
)
δ = 0, (33)
where we have used the coordinate time t from the FLRW metric (16) and cs is the speed of sound cs =√
dp/dρ. The first term in the parenthesis of (33) is due to the adiabatic perturbation pressure contribution
δp = c2sδρ. The phion vector particle which couples to ordinary matter with gravitational coupling strength
is treated as an almost pressureless particle, so the pressure term in the Jeans equation is absent and cs ∼ 0.
The Jeans length λJ = 2pi/kJ where kJ = a
√
4piGρφ/cs is approximately zero and we have for the MOG
Jeans equation:
δ¨ + 2Hδ˙ = 4piGN (1 + α)ρφδφ. (34)
The ratio of the comoving Jeans length to the comoving Hubble length H−1 = 1/a
√
8piGρ/3 is given
by HλJ = 2pi
√
2cs/3. Before decoupling the baryon Jeans length is comparable to the Hubble length, so
adiabatic baryon perturbations will oscillate before decoupling. The baryon density perturbations begin
to grow only after the decoupling time t = tdec, because before decoupling the baryon-photon pressure
prevents any growth. Without the phion particle density ρφ the baryon density perturbations are too small
to produce a growth factor of 1100 needed to generate the observed large-scale structure observed today.
However, the phion dark matter particle density perturbations grow after horizon entry and by t = tdec they
are significantly greater than the baryon density perturbations.
Weak lensing of the anisotropies enter as a convolution of the unlensed temperature power spectrum Cl
with the lensing potential power spectrum C lensl . The weak lensing parameter Alens is defined as a scaling
parameter affecting the lensing potential power spectrum, C lensl → AlensCl, and the standard ΛCDM model
has Alens = 1. The lensing temperature T
lens(nˆ) and the unlensed temperature T (nˆ) for weak lensing in
cosmology are related by [33]:
T lens(nˆ) = T (nˆ+ d(nˆ)), (35)
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where d(nˆ) is a vector field representing the deflection angles. The vector d(nˆ) is a pure gradient:
d(nˆ) = ∇Ψ. (36)
The scalar potential Ψ is given by the line of sight integral for MOG:
Ψ(nˆ) =
∫ χ∗
0
dχg′(χ)[2(1 + α)Ψ(nˆ, χ)], (37)
where χ is the comoving distance from the observer, χ∗ is the conformal distance to recombination, n(χ)
denotes the distribution of background sources, and
g′(χ) = χ
∫ χ(∞)
χ
dχ′(1 − χ/χ′)n(χ′). (38)
This means that the lensing of background galaxies, CMB, or any field of photons, can be influenced by the
MOG modification parameter α. We can parameterize the lensing parameter Alens by
Amoglens = (1 + α)A
st
lens, (39)
where Amoglens and A
st
lens denote the weak lensing parameter for MOG and for the standard ΛCDM model,
respectively.
Weak lensing measurements of the large-scale structure can capture MOG modifications imposed by
α 6= 0. We can write the angular power spectrum of lensing convergence κc as [33, 34]:
Cκcl =
2
pi
∫
k2dk[Iκc(k)]2P (k), (40)
where
Iκc(k) =
∫
dχg(χ)[2(1 + α)jl(kχ)] (41)
and jl(kχ) are the spherical Bessel functions.
We can also probe the measurements of the integrated Sachs-Wolfe effect in MOG [28, 32]:
δT
T
(nˆ)ISW =
∫
dχ[2(1 + α)Ψ],τ (nˆ, χ). (42)
The combined measurements of the CMB with probes of large scale structure, which are sensitive to the
modified potential through the Poisson equation, can be used to determine the effects of the MOG parameter
α.
6 Data Analysis Results
Valentino et al., [26] constrain the cosmological parameters using the full Planck 2015 release on temperature
and polarization CMB angular power spectra. The extended ΛCDM model parameters are the Hubble
constant H0, the baryon Ωbh
2 and cold dark matter Ωch
2 = Ωφh
2 energy densities, the primordial amplitude
and spectral index of scalar perturbations, As and ns, respectively, for the pivot scale k0 = 0.05hMpc
−1, the
reionization optical depth τ , the density parameter σ8, the neutrino effective number Neff , the running of the
spectral index dns/d lnk and the lensing parameter Alens. The analysis generates constraints on the modified
gravity parameters, ζ − 1, η − 1 and Σ0 − 1. The most significant deviations from GR are for the values
Σ0−1 = 0.36±0.18 from the Planck TT data and Σ0−1 = 0.45+0.21−0.17 from the Planck TT+WLTT+lensing,
where WL denotes the weak lensing data. These results are tabulated in the Tables in ref. [26] for the 68%
confidence level on the cosmological parameters, assuming modified gravity and varying the parameters of
the extended standard ΛCDM model.
The range of values for α = G/GN − 1 [24, 25, 26] is 0.2 ≤ α ≤ 0.35, giving the lensing parameter the
range of values:
1.2 ≤ Alens ≤ 1.35. (43)
This result is deduced from the constraint analysis corresponding to a MOG correction to the standard
ΛCDM model for the Poisson equation including weak lensing. This means that the standard model Alens
anomaly disappears when MOG is taken into account. More accurate data on the value of Alens are needed
to remove the possibility that the anomaly is due to small systematic experimental errors.
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7 Conclusions
The STVG modified gravity (MOG) theory is applied to early universe cosmology with an FLRW background
geometry. The massive spin 1 vector particle described by the field φµ is identified as a massive dark vector
particle with gravitational strength coupling to matter. Before galaxies are fully formed by structure growth
the density ρφ of the φµ field particles is dominant, ρφ > ρb. The particle mass mφ in the early universe
evolves to a significantly reduced mass, mφ ∼ 10−28 eV, in the present late-time universe. The mass mφ in
the universe today is determined by the best fits of the MOG weak field modified acceleration law to galaxy
rotation curves [15] and galaxy cluster dynamics [16] without dark matter. A constraint analysis based on the
MOG modified Poisson equation for the gravitational potential Ψ + Φ with G = GN (1 + α) can explain the
perturbative deviations from the ΛCDM model, discovered by several authors [24, 25, 26]. Further analysis
of the experimental data is needed to verify these MOG deviations from the standard ΛCDM model. In
particular, any small systematic errors in the data need to be uncovered. An important result obtained
from the modified gravity is the elimination of the lensing anomaly parameterized by Alens in the standard
model. Possible tensions in the determination of the optical depth τ and the amplitude of the r.m.s. density
fluctuations σ8 on the scale of 8Mpc h
−1 still require further experimental analysis. It is interesting to note
that the modified gravity scenario constrains the Hubble constant to be H0 = 68.5± 1.1 at 68% c.l. a value
larger than the result H0 = 67.3 ± 0.96 at 68% c.l. reported by the Planck collaboration using the ΛCDM
model [26].
The data obtained from the Planck mission and future data have now reached a degree of accuracy to be
able to determine whether the cosmology based on GR is correct, or whether deviations from GR are due
to MOG theory.
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